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Water Quality Monitoring - Pre-SQID Installation
Summary
Stormwater flowing through urban Catchments impacts negatively on water
quality introducing pollutants including sediments, excess nutrients, oils and
grease, and heavy metals, all of which can significantly effect water quality in
terms of aquatic ecosystem health.
Baseline monitoring pre-SQID installation is the second component of the
Water Quality Monitoring Program to be completed, following on from the
monitoring of Mosman's receiving waters. Whilst the monitoring of receiving
waters was implemented purely to gain an understanding of the present
quality of Mosman’s waterways comparative to national water quality
standards and guidelines, the baseline monitoring component has been
conducted pre-SQID installation to gain an understanding of the existing local
environmental condition and quality of stormwater prior to the installation of
stormwater quality improvement devices (SQIDs).
A total of six future SQID sites were nominated as sampling sites within both
the Middle Harbour and Port Jackson Catchments, based upon a catchment
analysis. Sample sites included Balmoral Beach South, Stanton Rd (Edwards
Beach Nth), Clifton Gardens (Chowder Bay), Pearl Bay, Rosherville Reserve
(Chinamans Beach), and Cyprian Street (Shell Cove).
As an indicator of water quality, chemical, physical and biological parameters
formed the basis of the data sets sampled at the six sites. A base data set
consisted of Temperature, Total Suspended Solids, Turbidity, Total
Phosphorus, Total Nitrogen, pH, Dissolved Oxygen, Electrical Conductivity,
Oils and Grease, Total Petroleum Hydrocarbons, Heavy Metals including
lead, zinc and copper, and Faecal Coliforms.
Data obtained from pre-SQID monitoring found the water quality at the six
sites to be of reasonable quality with respect to ecosystem health. Samples
collected from the six sites were found to meet guideline requirements for the
majority of parameters sampled, with the exception of Total Nitrogen, Total
Phosphorus and Faecal Coliforms, which were found to exceed guideline
levels in most cases.
The monitoring of these six sites pre-SQID installation, as a component of the
Water Quality Monitoring Program, has achieved the set aims and objectives
of the study with regard to filling a data gap and providing baseline data of the
existing environmental conditions prior to the installation of SQIDs, such that
this data can be utilised as a comparative tool to assess the performance of
the SQIDs in improving water quality downstream of the device.
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1.0

Background

1.1

Introduction:

Mosman is a coastal region approximately 850 hectares in size, consisting of
rocky shores, beaches, bays, cliffs, sandstone outcrops, and an extremely
steep gradient. The Mosman Local Government Area (LGA) is predominately
zoned as residential, whilst secondary landuse zoning consists of commercial
/local business, public recreation and bushland. The Mosman LGA consists of
twenty-eight sub–catchments all of which drain to the receiving waters of
either Port Jackson or Middle Harbour.
1.2

Rationale

Stormwater flowing through urban catchments collects pollutants including
sediments, organics, litter, oils and grease, heavy metals, nutrients and faecal
matter, all of which can have an adverse impact upon ecosystem health and
receiving water quality with respect to public health and recreation.
Water quality monitoring is a management tool, which can be implemented to
identify sources of pollution and the types of pollution, as well as compare
pollutant concentrations with recommended water quality guidelines. Water
quality monitoring pre-SQID installation is a method of collecting baseline data
to enable adequate understanding of the existing environmental condition of
each sub-catchment included within the monitoring program prior to the
implementation of stormwater management.
1.3

Reference Tools

The implementation of the pre-SQID monitoring component of the Water
Quality Monitoring Program has involved the use and reference of water
quality management tools. Including the Middle Harbour Stormwater
Management Plan, the Port Jackson Stormwater Management Plan, the
Mosman Local Government Area (LGA) Catchment Analysis, and water
quality standards and compliance guidelines, in particular the Australian
Water Quality Guidelines for Fresh and Marine Waters (ANZECC, 1992) and
the Australian and New Zealand Guidelines for Fresh and Marine Water
Quality (ANZECC, 2000).
ANZECC (1992) provides set recommended concentration levels of a
contaminant for physical and chemical parameters as well as biological
indicators of water quality, whilst ANZECC (2000) is more focused upon local
environmental conditions providing recommended concentration levels on the
understanding that these levels will be presented as trigger values, values
that if exceeded ‘have the potential to cause a problem and therefore trigger a
management response’. Both sets of guidelines have been utilised as a
method of identifying the existing environmental condition and applied for the
purpose of compliance monitoring, indicating the quality of stormwater at each
of the sample sites monitored pre-SQID installation.
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1.4

Background Information:

Stormwater runoff flowing from an urban catchment can carry pollutants such
as sediments, nutrients, heavy metals, oils and grease, litter and bacteria,
which can have an adverse impact on water quality.
According to Roberts (1990) there are a number of factors, which influence
the quality of stormwater including catchment size, landuse, topography and
hydrology. Studies undertaken by the CRC for Freshwater Ecology (2004)
indicate that pollutant loads can be increased by the proportion of a
catchment covered by impervious surfaces and may in some cases be
dependent on the adequateness of stormwater system connections.
Indicators of water quality include a combination of chemical, physical and
biological parameters that are representative of key elements within an
environment or an environmental problem (Sydney Water, 1998). Nutrients
such as phosphorus and nitrogen, for example, are readily available in the
environment and are essential for plant growth, however, in excessive
concentrations these nutrients can lead to eutrophication, as well as the
removal of oxygen from the water this influencing a number of other
parameters.
Dissolved oxygen is the amount of oxygen available in the water, a particular
level of dissolved oxygen is essential for aquatic health and well being. DO
can be influenced not only by nutrients but also temperature, conductivity, pH,
photosynthesis, plant respiration, and anaerobic processes. Changes in DO
can cause stress, decline in reproduction rates and direct fish kills (ACT,
2004).
Suspended solids in a natural system can be the result of erosion of creek
beds, however, in an urban catchment the main source can be identified as
development and construction sites where no or inadequate sediment and
erosion control techniques have been put in place. Suspended solids
threaten aquatic ecosystems by changing natural flows and depth of
waterways, reducing light penetration leading to a decrease in the rate of
photosynthesis, smothering small plants and seagrass, clogging fish gills, and
carrying other pollutants such as heavy metals, herbicides and bacteria
(WRC, 2004).
Faecal coliforms originating from either human or animal wastes, in excessive
quantities, are an issues for public health and recreation, however do not
necessarily have an adverse impact upon aquatic ecosystems largely due to
the dilution factor of receiving waters and the range of most organisms.
All of these chemical, physical and biological parameters potentially impact
upon Mosman's water quality with respect to ecosystem health, public health,
recreation and aesthetics.
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2.0

Purpose of Monitoring

2.1

Aim

To gain an understanding of the existing environmental condition of six subcatchments within the Mosman LGA prior to the installation of Stormwater
Quality Improvement Devices (SQIDs)
2.1.1 Term Definition
For the purpose of this report the term 'environmental condition' as stated in
the above aim is limited in its reference to existing pollutant concentrations
and overall stormwater quality exiting the stormwater system at the six sample
sites.
2.2
•
•
•
•

Objectives
To collect baseline data to fill an existing data gap with respect to pollutant
concentrations and the overall quality of stormwater exiting the stormwater
system.
To collect baseline data prior to SQID installation as an indicator of
existing environmental conditions.
To compare baseline data to Australian water quality standards and
guidelines (ANZECC Guidelines 1992 and 2000) to determine compliance.
To collect baseline data that can be utilised to assess changes to
environmental conditions and evaluate SQID performance post-SQID
installation.

3.0

Monitoring Design

3.1

Sample Sites

Six sites were nominated for pre-SQID monitoring based upon a number of
variables, including proposed SQIDs to be installed within the timeframe of
the monitoring program (2003-2005), location in terms of accessibility and
safety, sub-catchment size, landuse, and pollution risk category (low, medium,
high), such that the data obtained from sampling would be representative of
the Mosman Local Government Area (LGA).
Monitoring encompasses both the Middle Harbour and Port Jackson
Catchments as defined in the stormwater management plans. Five of the
sample sites are located within the Middle Harbour catchment and lie within
the sub-catchments of Balmoral Beach South, Edwards Beach North,
Chinamans Beach, Shell Cove and Pearl Bay, whilst the remaining site is
situated within the Port Jackson Catchment and lies within the sub-catchment
of Chowder Bay (see location maps in appendix).
A seventh site within the sub-catchment of Taylors Bay (Port Jackson) was to
be included within the pre-SQID installation component of the Water Quality
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Monitoring Program. Unfortunately this site could not be monitored prior to
the SQID being installed due to drought conditions and lack of water flow for
baseline data collection. This SQID (CG2) is currently being monitored postSQID installation, and in this instance data will be limited to a comparison
between upstream and downstream sampling post-SQID combined with the
data that has been obtained from the monitoring of receiving waters of
Taylors Bay.
Each of the six sampling sites are located downstream of the proposed SQID,
at the outlet of the stormwater system. The site locations and their
characteristics are presented in the table below.
Table 1. Sampling Site Information Pre-SQID Installation
Sample Site
Location

Catchment
Area

Corresponding
SQID ID

Land Use
Zoning

Risk/Impact
Category

Stormwater
outlet - at
Balmoral Beach
(section btn
Raglan St &
Botanic Rd)
Stormwater
outlet into Pearl
Bay (accessed
via walkway
from Pearl Bay
Ave)
At the base of
rocks directly
underneath the
stormwater
outlet located
approx. 10-15m
to the east of the
end of the stairs
of Sarah's Walk
(Clifton
Gardens)
Stormwater
Outlet into
Chinamans
Beach (located
in the SE
section of
Rosherville
Reserve)
Stormwater
Outlet at the end
of Stanton Rd
(into Wyargine
reserve)
Site at the base

Balmoral Beach
South

HB2

Residential /
Commercial /
Bushland

High

Pearl Bay

TS2

Residential /
Public
Recreation

High

Chowder Bay

CG4

Residential /
Public
Recreation

Medium

Chinamans
Beach

CB2

Residential /
Public
Recreation

Medium

Edwards Beach
North

HB6

Residential /
Bushland /
Public
Recreation

Low/Medium

Shell Cove

CB3

Residential

Low
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of rocks at
Chinamans
Beach (NE of
Rosherville
Reserve)
directly
underneath the
stormwater
outlet located at
Cyprian St

3.2

Sampling Methods

¾ As an indicator of water quality, chemical, physical and biological
parameters formed the basis of the data sets sampled at each of the six
sites. The base data set was the same as that nominated for the
monitoring of receiving waters, in reference to the Urban Stormwater
Quality Monitoring Protocols by Wong et al (2000) and in accordance with
the primary catchment characteristics of Mosman. The data set sampled
at each site included temperature, total suspended solids, turbidity, total
phosphorus, total nitrogen, pH, dissolved oxygen, electrical conductivity,
oils and grease, total petroleum hydrocarbons, heavy metals - lead,
copper and zinc, and faecal coliforms.
¾ In accordance with the water quality sampling methods of the Environment
Protection Authority (EPA) with respect to the collection frequency of
baseline data for physical, chemical and biological parameters, pre-SQID
sampling of the six sites was undertaken over a five-week period.
Sampling of all six sites was conducted in one day, and occurred once per
week over the five-week period on a five-day rotational basis so as to
reduce the potential for bias. Samples were collected on the following
dates, Friday 23rd January, Thursday 29th January, Wednesday 4th
February, Tuesday 10th February, and Monday 16th February.
¾ Sampling at each of the six sites took approximately thirty minutes to
complete and was undertaken within the hours of 9.00am and 1.00pm so
as to comply with timeframes for the transport of samples to the nominated
Laboratory. Sampling at each site was undertaken at approximately the
same time of day for three of the five weeks, sampling times for the
remaining two weeks varied due to the tidal influence at site HB2.
Sampling was undertaken by the same staff member each week over the
duration of the five-week sampling period. This ensured that collection
methods retained consistency and accuracy and minimised the potential
for error.
¾ Manual sampling techniques were utilised to collect samples from each of
the six sample sites. Two sample collection methods were employed, I) insitu, and ii) ex-situ.
• In-situ sampling involved the collection of data whilst in the field
through the use of a YSI 556 Multi-Parameter Probe and Lovibond
Turbidity Meter. The parameters sampled at each site utilising the
------------------------------------------------------------------------------------------------------------ 10
CEC Water Quality Monitoring Program: Baseline Monitoring Pre-SQID Installation

•

water sampling equipment in-situ included dissolved oxygen, pH,
conductivity, temperature and turbidity.
Ex-situ sampling involved the collection of grab samples for transport to
the laboratory for analysis. Appropriate containers were utilised with
respect to the required sample volume and preservation method (Refer
to Table 7 in Appendices) and gloves were worn by the sampler to
avoid sample contamination.

¾ Samples from sites CB2, HB2, HB6 and TS2 were collected from the edge
of the stormwater outlet whilst samples for sites CB3 and CG4 were
collected from underneath the stormwater outlet due to the positioning of
the outlets on top of a cliff/rocky outcrop. Samples at sites CB3, CB2 and
HB2 were collected by hand, whilst samples at sites CG4, TS2 and HB6
were collected utilising the sampling pole, due to issues of site
accessibility, tidal influence, safety, and in the instance of site HB6, visual
indications of pollution. At sites CB3, TS2, HB6 and (for 3 of the 5 weeks)
CG4, where there was sufficient water levels, sampling containers were
submerged under the water at an approximate forty-five degree angle, the
neck of the bottle pointed downwards so as to avoid surface
contamination. Once submerged the container was turned upwards at an
approximate forty-five degree angle allowing efficient sample collection
and the elimination of air bubbles. At sites CB2, HB2 and CG4 (remaining
2 weeks) stormwater was collected from the edge of the stormwater outlet
by holding the sampling container upright under the flow of stormwater
from the outlet. All containers excepting those used for total petroleum
hydrocarbons and oils and grease were pre-rinsed with the sample
solution and were filled to exclude air. All samples delivered to the
nominated laboratory for analysis were transported in eskies and
refrigerated to a constant four degrees celsius.
¾ Water quality data obtained over the five-week period from both in-situ and
ex-situ sampling methods was compiled and entered into a Water Quality
Monitoring Program database/spreadsheet. The data compiled over the
five weeks for each of the six sample sites was calculated as a mean and
analysed and interpreted comparative to the ANZECC water quality
guidelines both 1992 and 2000 (refer to Table 8 in appendices). Where
Australian guidelines were not provided, American, European and
Canadian water quality guidelines were referenced to gain an indication of
recommended water quality guideline levels. Statistical analysis was
undertaken including correlations and an ANOVA using Excel.
¾ A ranking system was developed as a method of identifying the sample
sites of the best and poorest water quality. From recommended guidelines
the acceptable level or optimum range of pollutant concentrations was
identified for each of the fourteen parameters sampled as part of the data
set. A ranking system of 1-4 was applied to each parameter based on the
spread of the guideline level/range, with a number 1 ranking being granted
to the optimum concentration level and a number 4 ranking being given
where a concentration was outside of the guideline level/range (see Table
9 in appendices). The mean value for each of the sample sites was
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applied to this system for each parameter sampled, such that a total of
fourteen rankings within the 1-4 range were given to each of the six
sample sites. For the six sample sites the frequency of each of the
rankings (1-4) from all fourteen parameters was calculated. The
frequencies for the rankings 1-4 were utilised to calculate a total
percentage for each parameter applied to the sample sites. Rankings 1
and 2 were both considered to be a good ranking, ranking 3 on the
maximum limit or range and ranking 4 unacceptable.
¾ A second system was put in place to rank the sample sites in terms of best
environmental condition. Rankings were determined based on the highest
percentage for rank 1 and the lowest percentage for rank 4. Those sites
with the same percentage for rank 1 and 4 were further differentiated by
determining the site with the highest percentage for rank 2. The site with
the highest figure was given a ranking of 1 and so forth until all six sample
sites were ranked from 1-5.
3.3

Potential Limitations

¾ Parameters such as dissolved oxygen should ideally be measured over a
full diurnal cycle to gain concentration values over a diurnal range. The
nature of the parameter is such that it is readily influenced by temperature,
photosynthetic processes and other biological activity. Whilst DO was
measured on both sunny and dull days readings were not taken over a full
diurnal cycle, primarily due to time constraints and availability of Council
resources.
¾ Availability of resources and time constraints meant the study was limited
to a five-week monitoring period rather than monitoring across all seasons
to allow for seasonal variability.
¾ Sites HB2, TS2, CG4 and CB2 were influenced by tidal flow, as such
some results obtained for parameters, in particular conductivity, may
reflect this influence rather than the true pollutant concentrations in the
stormwater exiting the stormwater outlet.
¾ Samples at sites CB3 and CG4 could not be taken directly at the
stormwater outlet due to issues of location, inaccessibility and safety.
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4.0

Monitoring Results

The results obtained from pre-SQID sampling of the six nominated sites are
presented below.
4.1

Parameter Correlation

Table 2. Correlations Between Parameters
Parameters

DO
Conductivity
Temp
pH
Turbidity
TSS
TP
TN
FC
Lead
Copper
Zinc

DO

Cond

Temp

pH

Turb

TSS

TP

TN

FC

Ld

Cu

1
0.47
0.95
0.92
0.70
0.83

1
0.24
0.10
0.85
0.74

1
0.99
0.54
0.68

1
0.37
0.55

1
0.97

-0.66
0.23
0.86
-0.11
-0.12
-0.09
0.36
-0.21
-0.67
0.26
0.20

1
0.14
-0.70
-0.65
-0.03
-0.62
-0.44
-0.53
-0.88
-0.47
-0.57

1
0.55
-0.50
-0.38
-0.52
-0.09
-0.40
-0.54
-0.37
-0.55

1
0.02
-0.31
0.03
0.32
0.01
0.40
0.18
0.11

1
0.33
0.85
0.12
0.84
0.85
0.26
0.48

1
-0.10
-0.27
-0.20
-0.29
-0.47
-0.32

Various parameters can influence and be influenced by one another,
potentially altering the dynamics and health of the aquatic environment. Table
2 indicates correlations between parameters. Positive numbers show a
positive correlation meaning that when one parameter increases the other
also increases and vice versa, whilst negative numbers show a negative
correlation, such that if one parameter increases the other decreases and vice
versa. If the figure is closer to one it indicates a correlation between
parameters whereas a figure close to zero indicates no correlation.
The table shows a negative correlation between conductivity and DO meaning
that as conductivity rises DO decreases, as well as a positive correlation
between DO and pH, for example a decrease in DO is correlated with a
decrease in pH, whilst an increase in pH may correlate with an increase in
DO.
The table shows a high negative correlation between pH and
conductivity, whilst a high positive correlation is shown between phosphorus
and faecal coliforms, turbidity and phosphorus, as well as heavy metals zinc
and copper. The table shows some figures close to zero indicating minimal if
any correlation between the parameters faecal coliforms and pH, turbidity and
pH, total suspended solids and conductivity, and temperature and total
nitrogen.
4.2

Zn

1

Sample Data as a Mean Value

The data accumulated for each of the six sample sites over the five-week
sampling period was calculated as a mean value for each parameter analysed
and graphed, as shown below.

------------------------------------------------------------------------------------------------------------ 13
CEC Water Quality Monitoring Program: Baseline Monitoring Pre-SQID Installation

1

Figure 1. Mean Temperature Value of Six Sites
Sampled Pre-SQID

Temperature (oC)

25.00
24.50
24.00
23.50
23.00
22.50
22.00
21.50

Temperature (oC)

SQID
CG4

SQID
HB2

SQID
HB6

SQID
CB2

SQID
CB3

SQID
TS2

23.29

22.93

22.93

23.17

24.81

24.40

SQID Sites Sampled

Figure 1 shows the mean temperature of each of the six sample sites. The
temperature range was varied between sample sites with the exception of
Sites HB2 and HB6 with the same mean temperature value. Sites TS2 and
CB3 were found to have a high mean temperature, on the threshold of what is
considered to be a healthy range for aquatic ecosystems.
Figure 2. Mean pH Value of Six Sites Sampled Pre-SQID
9.00
8.80
8.60
pH

8.40
8.20
8.00
7.80
7.60
7.40

pH

SQID
CG4

SQID
HB2

SQID
HB6

SQID
CB2

SQID
CB3

SQID
TS2

8.13

7.98

8.25

8.26

8.98

7.94

SQID Sites Sam pled

As shown in figure 2, the range of pH values vary between the six sample
sites, with the exception of sites HB6 and CB2. All pH values are above
neutral with site CB3 recording the highest mean pH of 8.98, this value being
just within the recommended pH range.
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Dissolved Oxygen (mg/L)

Figure 3. Mean Concentration of Dissolved
Oxygen for Six Sites Sampled Pre-SQID
10
8
6
4
2
0

Dissolved Oxygen (mg/L)

SQID
CG4

SQID
HB2

SQID
HB6

SQID
CB2

SQID
CB3

SQID
TS2

7.41

6.96

6.82

8.04

8.94

5.84

SQID Sites Sampled

As depicted in figure 3 the level of dissolved oxygen was found to be
dissimilar across all six sample sites. Sites CB2 and CB3 were found to have
a higher DO level than the other four sites, whilst the mean DO level recorded
for site TS2 was found to be lower than the recommended guideline of >6
mg/L.

Figure 4. Mean Conductivity Levels of Six Sites
Sampled Pre-SQID
Conductivity (ms/cm)

60.00
50.00
40.00
30.00
20.00
10.00
0.00

Conductivity (ms/cm)

SQID
CG4

SQID
HB2

SQID
HB6

SQID
CB2

SQID
CB3

SQID
TS2

30.25

21.19

0.84

20.15

0.55

51.47

SQID Sites Sampled

Figure 4 depicts the difference in mean conductivity levels between the six
sample sites. Sites HB6 and CB3 were found to have the lowest conductivity
levels, whilst the remaining four sites, in particular site TS2, show much
higher levels due to tidal influence at these sites. All sites are still within
recommended guideline levels.
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Figure 5. Mean Turbidity Levels of Six Sites
Sampled Pre-SQID

Turbidity (NTU)
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CG4
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3.96
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SQID Sites Sampled

As shown in figure 5, all six sample sites were found to have low turbidity
levels, in particular site TS2. Turbidity levels at sites HB2 and HB6 were
slightly higher than the other sample sites, although all were well within the
recommended guideline range.

Figure 6. Mean Concentration of Suspended
Solids for Six Sites Sampled Pre-SQID
Total Suspended
Solids (mg/L)

300.00
250.00
200.00
150.00
100.00
50.00
0.00

SQID SQID SQID SQID SQID SQID
CG4 HB2 HB6 CB2 CB3
TS2

Total Suspended Solids 15.46 250.6
(mg/L)

17

15.8

27.2

10.6

SQID Sites Sampled

Figure 6 shows the concentration of suspended solids recorded for the six
sample sites to be relatively similar, with the exception of sites CB3 and HB2.
Both sites CB3 and HB2 are above recommended guideline levels indicated
by international guidelines. Site HB2 shows a mean concentration well above
the others, yet this result may show a false mean due to the high pollutant
concentration recorded during only one of the five sample weeks.
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Figure 7. Median Faecal Coliform Count for Six Sites
Sampled Pre-SQID

Faecal Coliforms
(cfu/100ml)
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10000
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240

590

130

SQID Sites Sampled

Site HB6, as shown in figure 7, was found to have the highest median faecal
coliform count at 11,000 cfu/100ml, whilst site TS2 recorded the lowest count
at 130 cfu/100ml. All sample sites bar site TS2 were found to have a faecal
coliform count above the median guideline limit of < 150 cfu/100ml.

Figure 8. Mean Concentrations of Total Petroleum
Hydrocarbons at Six Sites Sampled Pre-SQID
Total Petroleum
Hydrocarbons (ug/L)
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As portrayed in figure 8, each of the six sample sites recorded a value of 0,
showing that the mean concentration of total petroleum hydrocarbons for each
site was lower than the practical quantitation limit as set by the laboratory.
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Figure 9. Mean Concentrations of Oils and Grease at Six
Sites Sampled Pre-SQID
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As portrayed in figure 9, each of the six sample sites recorded a value of 0,
showing that the mean concentration of oils and grease for each site was
lower than the practical quantitation limit as set by the laboratory.

Figure 10. Mean Concentrations of Heavy Metals for Six
Sites Sampled Pre-SQID
Lead, Copper & Zinc
Concentrations (mg/L)
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Figure 10 shows the mean concentrations of the heavy metals, lead, copper
and zinc for each of the six sample sites. All sites were found to have greater
concentrations of zinc over the other metals, with lead being found in lower
concentrations for all sites. Sites CB3 and TS2 recorded no lead
concentrations. Site CB2 was found to have one of the highest concentrations
of zinc and copper, although lead concentrations were low, whilst site HB6
was found to consist of high mean levels of all three heavy metals. Mean
values for all six sample sites were still within recommended guidelines.
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Nutrient Concentrations
(mg/L)

Figure 11. Mean Concentrations of Nitrogen and
Phosphorus for Six Sites Sampled Pre-SQID
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Figure 11 shows the mean concentrations of both nitrogen and phosphorus
for each of the six sample sites. Site CG4 was found to have a lower level of
phosphorus and nitrogen compared to the other sites. Site HB6 recorded the
highest mean concentration for phosphorus, and the second highest mean for
nitrogen. Site CB2 was found to have the highest mean concentration of
nitrogen, with nitrogen levels being higher than phosphorus levels at all of the
sites. Each of the six sample sites recorded a mean concentration of
phosphorus and nitrogen well above the recommended guideline values of
<0.05 mg/L and <0.5 mg/L respectively.
4.3

Analysis of Variance

Table 3. ANOVA: Variation between Sample Sites
Parameter
Temperature oC
pH
Conductivity (ms/cm)
Dissolved Oxygen (mg/L)
Turbidity (NTU)
Total Suspended Solids
(mg/L)
Total Nitrogen (mg/L)
Total Phosphorus (mg/L)

ANOVA Result
F value > F critical,
p value < 0.05
F value > F critical,
p value < 0.05
F value > F critical,
p value < 0.05
F value > F critical,
p value < 0.05
F value < F critical,
p value > 0.05
F value < F critical,
p value > 0.05
F value < F critical,
p value > 0.05
F value > F critical,
p value < 0.05

Variation Between
Sample Sites
Statistical Significant
Difference
Statistical Significant
Difference
Statistical Significant
Difference
Statistical Significant
Difference
No Significant Difference
No Significant Difference
No Significant Difference
Statistical Significant
Difference
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Heavy Metal - Lead (mg/L)
Heavy Metal - Copper
(mg/L)
Heavy Metal - Zinc (mg/L)
Faecal Coliforms
(cfu/100ml)
Flow Velocity (m/s)

F value < F critical,
p value > 0.05
F value > F critical,
p value < 0.05
F value < F critical,
p value > 0.05
F value < F critical,
p value > 0.05
F value < F critical,
p value > 0.05

No Significant Difference
Statistical Significant
Difference
No Significant Difference
No Significant Difference
No Significant Difference

The Analysis of Variance was applied to the monitoring data to determine
whether the mean obtained for each parameter analysed at each of the six
sample sites were statistically similar or different. If the F value is greater than
the f critical and p value is less than 0.05 the means between groups are
significantly different and vice versa. As shown in Table 3, the mean of seven
of the parameters analysed, namely turbidity, total suspended solids, total
nitrogen, lead, zinc, faecal coliforms and flow velocity were found to be not
significantly different between each of the six sites. The remaining six
parameters, namely temperature, pH, conductivity, dissolved oxygen, total
phosphorus, and copper, were determined to be significantly different in the
equality of means between each of the six sites.
4.4

Ranking System

Table 4. Ranking System Applied to the Six Pre-SQID Sampling Locations for
each Parameter Sampled
Parameters
Analysed

Pre-SQID Sampling Sites
SQID
SQID
SQID
HB2
CB2
CB3
1
2
3

SQID
CG4
2

SQID
HB6
2

3

3

2

4

4

3

2

3

3

1

1

4

1

1

1

1

1

2

1

1

1

1

1

1

1

1

4

1

2

1

4

4

4

4

4

3

2

4

4

4

4

4

1

2

1

1

1

1

Copper (mg/L)

1

2

1

3

1

1

Zinc (mg/L)

1

2

1

2

1

1

pH
Temperature
(°C)
Dissolved
Oxygen
(mg/L)
Conductivity
(ms/cm)
Turbidity
(NTU)
Total
Suspended
Solids (mg/L)
Total
Phosphorus
(mg/L)
Total Nitrogen
(mg/L)
Lead (mg/L)

SQID
TS2
1
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Oil & Grease
(mg/L)
Total
Petroleum
Hydrocarbons
(ug/L)
Faecal
Coliforms
(cfu/100mL)

1

1

1

1

1

1

1

1

1

1

1

1

4

4

4

4

4

3

As depicted in Table 4, the ranking system applied to each parameter was
between 1-4. A ranking of 1 was applied to sample sites determined to have
concentrations below the recommended guideline level or closest to the
optimum range, and a ranking of 4 was applied to sample sites with recorded
concentrations exceeding the acceptable limit or outside of the optimum range
(refer to Table 9 in appendices).
All sample sites were given a ranking of 1 for parameters turbidity, total
petroleum hydrocarbons and oils and grease, and a ranking of 1 or 2 for the
parameters conductivity, lead, and zinc. Three sites, namely HB6, HB2 and
TS2 were given a ranking of 3 or 4 for the parameter dissolved oxygen being
close to or outside of the acceptable range, whilst the remaining three sites
namely CB3, CB2 and CG4 were ranked as a 1 or 2. The majority of sample
sites received a ranking of 3 or 4 for parameters including faecal coliforms,
temperature, total phosphorus and total nitrogen, showing that concentrations
of these pollutants are high and exceeding the acceptable limit recommended
by national water quality guidelines.
Table 5. The Frequency and Percentage of Rankings 1-4 Applied to the Six
Pre-SQID Sample Sites
Pre-SQID
Sample Sites
SQID CG4
SQID HB6
SQID HB2
SQID CB2
SQID CB3
SQID TS2

Rank 1
(n)
8
5
8
7
8
8

(%)
57.14
35.7
57.14
50
57.14
57.14

Rank 2
(n)
3
4
1
2
1
1

(%)
21.43
28.6
7.14
14.29
7.14
7.14

Rank 3
(n)
1
2
1
1
1
3

(%)
7.14
14.3
7.14
7.14
7.14
21.43

Rank 4
(n)
2
3
4
4
4
2

(%)
14.29
21.4
28.57
28.57
28.57
14.29

Table 5 shows the frequency (n) of rankings 1-4 applied to the six sample
sites and the overall percentage of the ranks 1-4 calculated across the
fourteen parameters sampled. Four sample sites namely, CG4, HB2, CB3
and TS2 were found to have the greatest frequency of rank 1, whilst sample
sites HB2, CB2 and CB3 were found to have the highest frequency of rank 4.
Sample site CG4 in the Chowder Bay sub-catchment maintained the highest
percentage for ranks 1 and 2 and the lowest for rank 4 deeming it the site of
best quality.
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Table 6. Water Quality Ranking System of Pre-SQID Sample Sites
Overall Ranking (1-5)
1
2
3
4
5

Pre-SQID Sample Sites
Site CG4 (Chowder Bay)
Site TS2 (Pearl Bay)
Site HB2 (Balmoral Beach Sth) & Site CB3 (Shell Cove)
Site CB2 (Chinamans Beach)
Site HB6 (Edwards Beach Nth)

Table 6 shows the overall ranking system as applied to pre-SQID sample
sites with the aim of identifying the site consisting of the best existing
conditions (i.e. stormwater quality) with respect to aquatic ecosystem health
prior to SQID installation. Site CG4 located within the Chowder Bay
Catchment was ranked number 1, equating with the best water quality whilst
Site HB6 was given the lowest rank, depicting the poorest stormwater quality
of the six sample sites.
5.0

Data Analysis and Interpretation

5.1

Discussion of Data Observations

Data collected at each of the six sites over the five-week sampling period
conveys similarities and differences both between sites and within a site.
5.1.1 Within Sites - Correlations Over the Five-Week Period
Site HB2 - Weeks 2 and 5 were found to have a lower pH closer to neutral as
well as low conductivity levels, both these weeks being sampled at low tide.
The remaining weeks tended to show higher conductivity levels coinciding
with the tidal influence at high tide. Total suspended solids for all weeks bar
week 5 were relatively low, with week 5 showing extremely high levels of
suspended solids. Sampling during week 5 was undertaken at low tide, as
such tidal flow dredging up sand and other solid matter from the beach could
not be responsible for the significant concentration of suspended solids
measured. At the time of sampling stormwater was rushing from the drain so
it could be concluded that the solids were washed from one or more
development sites within the catchment area. Weeks 4 and 5 were found to
have low counts of faecal coliforms, whilst weeks 1,2 and 3 consisted of
higher counts, both weeks 1 and 3 being sampled just after rain. There was
no rain on the day of sampling for week two, though rain may have occurred a
day or two beforehand, and yet this week was found to have the highest
faecal coliform count, a slight smell emanating from the drain was observed at
the time of sampling, correlating with the high count. Samples analysed for
total nitrogen were found to exceed recommended water quality guidelines for
all of the five weeks, although it is interesting to note that weeks 1 and 4
recorded the lowest concentrations of nitrogen and phosphorus, both these
weeks correlating with high tide, the constant ebb and flow of water and the
dilution factor perhaps playing a role in lowering pollutant levels. Weeks 1
and 4 were also found to contain no concentrations of heavy metals, lead and
copper.
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Site CB2 - Data obtained from sampling at site CB2 showed the water
temperature in week 4 to be quite high, more than 2 degrees celsius above
the temperature recorded during sampling in week 1, 3 and 5. According to
water quality guidelines a two degree difference can be cause for concern,
however in this instance the change in weather is most likely the cause of the
difference, with week 4 being sunny and warm comparative to weeks 1, 3 and
5 which were all overcast, cooler and cloudy. The pH over all five weeks was
found to be relatively similar, although weeks 2 and 3 were slightly higher.
Week 2 was found to have a high count of faecal coliforms as well as an
extremely high dissolved oxygen level, which may have been influenced by
warmer temperatures and lower conductivity levels and higher phosphorus
loads, with week 2 consisting of concentrations of total phosphorus, nitrogen
and copper above recommended guideline levels. All five weeks were found
to be above recommended guideline levels for nutrients total nitrogen and
total phosphorus. Week 3 was found to have a significantly high nitrogen
concentration, correlating with early morning rain and the observation by the
sampler of stormwater flow bringing a burst of organic matter.
Site CB3 - Water temperature recorded over the five weeks displayed a
difference of more than 2 degrees celsius, with an extremely high temperature
of 27.03 degrees celsius recorded in week 4, whilst weeks 1 and 5 were found
to be much lower due to the coolish, overcast weather. Water temperatures
consistently higher than 25 degrees celsius are considered a problem for
ecosystem health, however, this level was only recorded on this one day and
can be contributed to a number of factors. Including the warm weather, the
positioning of the sample site in direct sunlight, the shallow depth of the pool
of water causing it to heat up more rapidly in the sun, the fact that the sample
pool was surrounded and insulated by rocks, with the stormwater itself gaining
heat off the rocks as it flowed from the outlet at the top of the rocky outcrop to
the pool at the base of the rocks. A high concentration of suspended solids as
recorded in week 4 may also play a role with suspended solids absorbing
sunlight and heating up the water. Weeks 1 and 4 were found to have high
levels of total suspended solids, extremely high dissolved oxygen levels and
pH levels in the alkaline range, above recommended guidelines. This also
coincides with higher nitrogen and phosphorus concentrations, also above
recommended guideline levels. Faecal coliforms were found to be highest in
weeks 1 and 3, week 3 coinciding with early morning rain. Coliform counts
also appear to be at higher levels where there was minimal or no flow into the
sample pool.
Site TS2 - A temperature difference of more than 2 degrees celsius was
recorded between weeks 1 and 5, this difference being attributed to the
change in weather with week 1 being cloudy and overcast whilst week 5 was
sunny and humid. All weeks bar week 1 were found to have a concentration
of total nitrogen well above recommended guideline levels, whilst only weeks
2 and 3 recorded higher than guideline levels for total phosphorus. With the
exception of week 4 an increase in total suspended solids appears to
correlate with higher nitrogen concentrations. The high concentrations of
nitrogen and particularly phosphorus found in week 3 coincide with an
extremely high count of faecal coliforms (900,000 cfu/100ml), rainfall
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occurring both prior and during sampling. Dissolved oxygen levels were
found to be below the recommended guideline level of 6 mg/L in weeks 1, 3
and 4. The lower level in week 3 could be attributed to the extremely high
faecal coliform count, whilst the low level recorded in week 4 could be
attributed to the significantly high concentration of nitrogen with excess
nutrients also being responsible for the removal of dissolved oxygen in the
water. However, data recorded for Week 1 does not seem to suggest any
obvious reason as to the low dissolved oxygen level, this being the only week
in which both nitrogen and phosphorus levels were within guideline levels.
The remaining weeks 2 and 5 were found to be just above the recommended
level of 6 mg/L. During sampling in week 1 a stingray was observed within
1m of the stormwater outlet, whilst small fish were observed throughout all
weeks of sampling. Birds such as cormorants were also observed in close
proximity of the outlet ducking for food, suggesting the presence of fish. As
such it may well be that aquatic life within Pearl Bay can withstand lower
levels of dissolved oxygen, and may in some way contribute through
ecological processes, i.e. respiration process of aquatic plants, with seaweed
and grasses growing in a large area within close proximity to the stormwater
outlet.
Site CG4 - Water temperature, as with the above sites, showed an increase of
more than 2 degrees celsius between weeks 3 and 4. This increase can again
be attributed to the weather with week 3 being overcast and raining, and week
4 sunny and warm. Tidal influence could also play a role in temperature
differences, with sampling during week 3 being undertaken during low tide
and when water was flowing down the rocks from the stormwater outlet, whilst
week 4 sampling was undertaken during high tide and when flow from rocks
was minimal, conductivity also being recorded at a higher concentration in
week 4 due to tidal influence. Nitrogen levels were found to be above
guideline levels in weeks 1, 4 and 5, whilst phosphorus levels exceeded
guidelines in weeks 1, 3 and 5. Weeks 1 and 5 were the only sample weeks to
exceed both nitrogen and phosphorus. It is interesting to note that with the
exception of week 1 both week 3 and 5 were sampled during low tide when
there was no tidal influence to dilute the nutrient concentrations. Weeks 3
and 5 also recorded higher counts of faecal coliforms, week 3 most likely
higher due to the rain at the time of sampling, whilst the lack of tidal influence
may also have contributed to the higher count, with faecal counts being much
lower in weeks 1, 2 and 4 where sampling was undertaken at high tide. Week
5 was the only week to record a level of dissolved oxygen lower than the
recommended guideline of >6mg/L. This low concentration of dissolved
oxygen corresponds with a combination of other factors which influence
and/or contribute to dissolved oxygen levels, including pH, the conductivity
level, high concentrations of both nitrogen and phosphorus and a higher count
of faecal coliforms.
Site HB6 - The water temperature recorded over the five weeks was relatively
similar between all weeks except week 2 which was lower, a difference of
more than 2 degrees celsius being recorded between week 2 and weeks 1, 4
and 5. This temperature was the lowest recorded even though week 2 was
one of the warmer days sampled, a difference of approximately 6 degrees
------------------------------------------------------------------------------------------------------------ 24
CEC Water Quality Monitoring Program: Baseline Monitoring Pre-SQID Installation

celsius being recorded between air temperature and water temperature, with
more than a 5 degree difference considered unhealthy. This site should not
be effected by a change in water temperature due to a change in weather, as
is the case with other sample sites, primarily because of its location, which is
largely shaded by vegetation. Possible reasons for the low temperature in
week 2 are as follows; i) there was a surface scum present in week 2 that was
not present during other sample weeks, this scum may have acted as a
barrier not allowing as much sunlight to penetrate and heat up the water, ii)
the water in week 2 was stagnant rather than flowing as in other weeks, water
flowing along a concrete drain being known to heat up more quickly. pH
levels were fairly similar across the weeks although week 4 recorded a level
close to the higher end of the guideline range. This higher pH level
corresponds with higher concentrations of nitrogen and phosphorus. It should
be noted that in week 4 foam was observed by a passersby in the channel, as
well as runoff from the rocks above the channel and outlet, excessive foam at
times denoting excess nutrients. As such the source of the higher nutrient
levels in week 2 may not have been stormwater from the outlet rather runoff
from the houses in the street directly above. The water in week 2 as well as
consisting of a surface scum was also brown in colour and emitted a strong
odour, correlating with the highest faecal coliform count of all 5 weeks. Week
2 was also found to have a high level of suspended solids above
recommended guidelines, as well as recording a concentration of lead above
guideline levels. Week 5 recorded a dissolved oxygen level below 6 mg/L.
High nutrient levels as well as a higher faecal count are factors that would
contribute to a lower dissolved oxygen level, however, in this instance other
weeks show higher nutrient and faecal levels yet recorded a dissolved oxygen
level above the recommended guideline. Contributing factors are most likely
to be a combination of the parameters pH and conductivity which influence
dissolved oxygen levels, in this case the pH being lower than other weeks,
whilst conductivity levels were much higher in week 5 than previous weeks.
5.1.2 Between Sites - Variance of the Mean Values
Excessive levels of nutrients recorded in stormwater can be the result of
fertilisers, detergents, animal wastes and sewage, which can lead to
eutrophication and an alteration of the aquatic ecosystem, influencing other
physical, chemical and biological processes. All six sites sampled were found
to have a mean concentration of nitrogen and phosphorus well above
recommended guideline levels. Sites CB2 and HB6 were the two worst sites
in exceeding nutrient levels. It should be noted that all bar one site (CB3)
have multiple landuse all consisting of residential and public recreation, both
of these landuses potentially contributing to the nutrient load particularly by
way of fertilisers and detergents. Site CB3 is categorised as a low pollutant
risk site and does not contain public recreation as a landuse, rather is purely
residential. However, this site still exceeded guidelines for nutrient levels
concluding that residential landuse may still be the primary source of excess
nutrients, in conjunction with street trees causing additional organics and the
steepness of the sub-catchment leading to greater runoff levels. It should
also be highlighted that site CB3 which was the third highest ranked in
nitrogen levels and fourth highest in phosphorus levels was located in close
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proximity to a construction site, this perhaps contributing to the high levels at
this site.
Australian standards do not provide a guideline level specific to suspended
solids, however, European and American guidelines recommend <25mg/L.
Using these guidelines as an indicator, site CB3 over the 5-week sampling
period recorded a mean concentration level just above 25mg/L. This high
concentration of suspended solids, as with the nutrient levels, may be the
result of close proximity to a construction site. Site HB2 recorded an
extremely high mean level of suspended solids at 250 mg/L, which is
significantly above guideline levels. However, unlike site CB3 which recorded
high levels of suspended solids across a couple of sample weeks, HB2 only
recorded an exceptionally high level in one week of sampling this contributing
to the high mean value. As such the issue of suspended solids for site HB2
may only be a once off problem most likely caused by stormwater carrying
solids from a development site in the catchment.
Site TS2 was the only site to record a mean dissolved oxygen concentration
of below the recommended guideline of >6mg/L, whilst on the other end of the
scale site CB3 was found to have a higher mean dissolved oxygen
concentration. TS2 is the only site where the stormwater outlet is covered by
water almost all of the time, and has aquatic plant growth in close proximity of
the stormwater outlet. Natural processes of plant respiration are known to
lower dissolved oxygen levels through the removal of oxygen from the water.
The location of Site TS2 may also play a role in lowering dissolved oxygen
levels as it is in direct sunlight for the most part of the day, the sun heating up
the water. Water at higher temperatures does not hold as much dissolved
oxygen, the high water temperatures recorded at Site TS2 corroborating this
theory.
All sites were found to be within the guideline value recommended for pH,
although site CB3 was right on the border of the guideline range, moving
towards alkalinity. All sites were also found to consist of a mean concentration
of the heavy metals lead, copper and zinc, within recommended guideline
levels, with sites TS2 and CB3 recording a lead concentration below practical
quantifiable limits. All six sites also recorded mean concentrations of oils and
grease and total petroleum hydrocarbons below practical quantifiable limits.
Conductivity levels at all sites were within recommended guidelines, although
sites HB2, CG4, CB2 and TS2 consisted of much higher concentrations than
HB6 and CB3 due to the tidal influence at the first four sites. Unfortunately
readings may not provide a completely accurate reflection of pollutant
concentrations and quality of stormwater exiting the device alone, as at some
sites in particular CG4 and TS2, sampling during tidal influence could not be
avoided. In the case of site TS2, the stormwater outlet enters directly into
Pearl Bay and even at low tide is still partially covered by the waters of the
Bay, whilst site CG4 is difficult to access unless the tide is extremely low
which only occurred on one occasion during the 5-week sampling period.
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The median guideline level for faecal coliforms is recommended as <150
cfu/100ml. All sites with the exception of site TS2 recorded a median faecal
coliform count well above the recommended guideline, particularly in the case
of site HB6, which shows that a problem may exist with cross contamination,
and occurrence of faecal events. Only site TS2 was within the recommended
median guideline and yet recorded an extremely high level of faecal coliforms
in week 3 (900,000 cfu/100ml), this correlating with rainfall.
An Analysis of variance was undertaken to determine whether the mean result
for each parameter analysed between the six sample sites was statistically
different or similar. All six sites were found to have a mean value that was not
significantly different between sites for the parameters turbidity, total
suspended solids, total nitrogen, lead, zinc, faecal coliforms and flow velocity.
Whilst the difference between means of each of the six sites was determined
to be statistically significant for the parameters of temperature, pH,
conductivity, dissolved oxygen, total phosphorus, and copper.
No significant difference was determined between the mean flow velocity
calculated at each site. However, this result cannot be used to prove that the
flow velocity at each site is similar as the flow could not be measured at most
sites due to tidal influence, space restrictions or minimal flow.
The physical parameters that were shown to be significantly different between
sites tend to correlate with each other. Dissolved oxygen for instance is
negatively correlated with conductivity and total phosphorus meaning that as
the dissolved oxygen levels rise conductivity or concentration of phosphorus
will fall, whereas if these parameters increase in concentration and load
dissolved oxygen in the water will decrease. Dissolved oxygen on the other
hand is positively correlated with the parameters temperature and pH, such
that when the temperature or pH value rises, the dissolved oxygen level also
rises and vice versa. The correlation and influence that each of these
parameters have on each other has most likely played a significant role at
each of the six sample sites, being responsible for the significant difference in
means between the sites.
5.1.3. Ranking System
It is interesting to compare the results of pre-SQID monitoring to the
monitoring of receiving waters. Site TS2 sampled pre-SQID was determined
to be the second best site in terms of stormwater quality complying with
recommended water quality guidelines, whilst Pearl Bay (the receiving waters
of site TS2) was deemed the receiving waters of the second poorest quality.
On the other hand, site HB6 has been given the lowest ranking indicating poor
stormwater quality and yet Edwards Beach Nth (receiving waters of site HB6)
was found to be the receiving water of the best water quality, chosen as the
reference site for the Mosman LGA.
The location of site HB6 is the outlet of the stormwater drain at the end of
Stanton Road, the stormwater flows from the drain into a concrete channel
before flowing over rocks into the creek located within Wyargine Reserve, this
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then connecting to a fully enclosed drainage pipe whose outlet is situated on
Edwards Beach Nth, where the end of the reserve meets the start of the
beach. The location of the sample site with respect to the receiving waters of
Edwards Beach Nth would play a major factor in the effect, positive or
negative of stormwater on this receiving water. Unlike the other five sample
sites HB2, CB2, CB3, CG4, and TS2 whereby the stormwater outlet feeds
directly into the receiving waters, stormwater flow from site HB6 must travel a
much greater distance to reach the receiving waters. In times of minimal flow
stormwater remains as a stagnant pool of water in the concrete channel
trickling slowly into the creek, this period of stagnation may allow sediments
and solids to settle to the bottom of the channel, these pollutants perhaps not
being carried further into the creek. The creek itself is largely overgrown with
plants and weeds which may assist in the removal of pollutants such as
sediments, metals and nutrients prior to the stormwater flowing into the
second drain pipe to the beach. At low tide the flow of stormwater has a fair
distance to travel through the sand to reach the receiving waters as such the
sand may also absorb some of the stormwater pollutants present.
Site TS2 is completely the opposite of HB6 in that the stormwater outlet is
directly into the receiving waters of Pearl Bay and is in fact fully or partially
covered by water of the Bay all of the time, even at low tide. It would be a fair
assumption that stormwater quality would have a greater impact upon this
site, however, this assumption is not corroborated by the data, the dilution
factor perhaps coming into play at this site. Again it is interesting to compare
water quality data from site TS2 with the receiving waters of Pearl Bay in
terms of the parameter oils and grease. The receiving waters were found to
contain oils and grease above appropriate levels as indicated by European
and Canadian guidelines, whilst during the 5-week pre-SQID monitoring
period concentrations of oils and grease were recorded as being below
practical quantitation limits. Given the fact that this data indicates that the
pollutant oils and grease is not entering receiving waters via the stormwater
system, it provides credence to the suggestion that the source of the oils and
grease in receiving waters is a point source rather than non-point source, this
being one or more of the boats moored in the bay.
Influencing factors that may have a bearing on the ranking of the six sample
sites include the catchment landuse and size of the catchment. Landuse
determines the type of pollutants found within a catchment whilst the size of a
given catchment is a factor which dictates the volume/level of pollutants
entering the stormwater system.
Site TS2 is ranked second whilst site CB2 is ranked fourth, both exist within a
sub-catchment whose primary landuse is residential and public recreation, the
size of the catchment in which CB2 is located is larger than the catchment of
site TS2. On the other hand site CB3 which is ranked third exists in a
relatively small catchment, much smaller than the remaining five sites, and
consists of a residential landuse only. This catchment was given a pollutant
risk category of low and yet is of poorer quality than site CG4 and TS2 which
are categorised as medium and high risk respectively. This site is also on a
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catchment which is approximately twenty-six times the size of CB3 and
consists of four types of landuse namely residential, public recreation,
commercial and bushland. Site HB6 is located within the second smallest
catchment, the landuse within the catchment is residential, public recreation
and bushland, and it was categorised as a low to medium pollution risk, and
yet it was ranked as the site of poorest water quality.
According to Roberts (1990) steeper gradients have the potential to create a
maximum accumulation rate at the base of a slope, this coinciding with the
location of the six sample sites located at the outlet of the stormwater
drainage system. It is common for the gradient of a catchment to play a role in
increasing the pollutant load at a particular site as a steeper gradient causes
stormwater to flow more rapidly and allows the flow to carry along with it a
greater volume of pollutants. A catchment with a less steep gradient enables
stormwater to flow more slowly, such that a lesser volume of pollutants or
gross pollutants heavier in weight may not be carried along by the water flow
to exit the stormwater system at the outlet.
The presence/non-presence of gross pollutants was recorded at each of the
six sites over the five-week sampling period. Site CG4 was the only site at
which gross pollutants were observed, this only occurring following heavy
rain. Site CG4 was identified as being located within the sub-catchment of the
steepest gradient, concurring with the above statement. However, the results
for non-gross pollutants do not appear to coincide with the above statement
that a steep gradient plays a role in increasing the pollutant load. Site CG4 as
mentioned above lies within the sub-catchment of the steepest gradient and
yet was ranked as the site of the best stormwater quality, whilst site HB6
ranked as the site with the worst stormwater quality lies within a subcatchment with the least steep gradient. This is the exact opposite from data
obtained and analysed for the monitoring of receiving waters, the ranking
system awarded to receiving waters coinciding with the steepness of gradient.
Street sweeping, a service undertaken by Council may influence pollutant
loads/concentrations in stormwater. Stormwater flowing to the system in the
period coinciding with street sweeping should theoretically carry less
pollutants than the period prior to street sweeping, as pollutants have a
greater timeframe to accumulate. The data from this study portrays mixed
results in this regard. The two sample weeks that depicted the highest
concentration of pollutants for site CG4 did coincide with the time frame
between street sweeping, whilst sites HB6, CB2 and CB3 which are all on a
similar street sweeping cycle were all found to have a high concentration of
various pollutants in sample weeks four and five which also lie between the
fortnightly dates for street sweeping. On the other hand, sites HB2 and TS2
did not appear to be greatly influenced by street sweeping, higher
concentrations of pollutants being found in some weeks where sweeping had
occurred. It should be noted that higher pollutant concentrations, particularly
at these two sites, were found during sample week 3 this being the only week
in which rainfall occurred.
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A natural process that may have had an influence on the concentration of
pollutants, and the overall ranking of the six sample sites with respect to
environmental condition, is the tide. Site CG4 and Site TS2, the first and
second ranked sites in terms of environmental condition, are influenced by the
tide more so than the remaining sites. Site CG4 is the subject of particularly
high tides and rapid, strong wave action, this continual ebb and flow perhaps
dissipating pollutant concentrations more quickly. Site TS2 is not influenced
by wave action, yet is covered by the waters of the Bay at all times even at
low tide, these circumstances perhaps allowing for a greater dilution of
pollutants, as the adage goes "the solution to pollution is dilution".
Site HB2 ranked third on the ranking system is influenced by tidal flow during
high tide, data from sampling weeks 1 and 4 showing the lowest levels of
pollutants over the entire sampling period, these two weeks coinciding with
higher tide levels. Site CB2 was ranked fourth out of the six sites, this site
being influenced by tidal flow during high tide though the influence during
sampling did not appear to be as great as Sites CG4, TS2 and HB2. It should
be noted that CB2 also recorded lower levels of pollutant concentrations in
weeks 1 and 4 coinciding with the two weeks sampled during high tide. Water
quality data obtained for site HB6 provides further evidence to suggest that
tidal flow is influencing pollutant concentrations at the six sample sites. Site
HB6 was found to have higher pollutant concentrations for some of the
parameters sampled and overall was given the worst ranking of the six
sample sites, this site not being influenced by the tide due to its location away
from receiving waters.
Site CB3 is on face value the one anomaly to the argument for the tide
influencing pollutant concentrations. This site was a small pool located at the
base of a rocky platform at Chinamans Beach, this location being just above
the tide level except in the instance of an extremely high tide or strong wave
action, and yet this site was ranked third on a par with Site HB2. Tidal
influence aside, the most probable reason attributed to the ranking of this site
was the rapid flow of stormwater rushing from the outlet down the rocks to the
sample site, the turbulence and velocity of water rushing into the pool acting
much in the same way as the tidal flow and providing a flushing system for
pollutants. Data obtained for Site CB3 appears to support this with sample
week 1, in particular, recording the lowest concentrations of pollutants, this
coinciding with the week of the greatest water flow and velocity.
Of the aforementioned influencing factors, there is no one factor, with the
possible exception of tidal flow, that can be deemed to be the contributing
factor to pollutant concentrations at the sample sites or the obvious reason for
the ranking of the six sites. It could be assumed that the interactions between
natural processes, as well as chemical, physical and biological parameters,
and connectivity between influencing factors was the cause of varying
pollutant concentrations between the six sample sites.
Whether it be landuse, size, topography, hydrology, natural processes,
council activities, and/or community actions and behaviour, there are
particular aspects in existence, and processes and activities occuring within
------------------------------------------------------------------------------------------------------------ 30
CEC Water Quality Monitoring Program: Baseline Monitoring Pre-SQID Installation

the six sub-catchments that impact upon the overall environmental condition
at each of the six sample sites. The resulting stormwater quality at each of the
six sites is fairly similar and on a ranking scale of good, poor or fair all of the
sites come under the categorisation of good. However, the application of the
ranking system as applied to all of the parameters sampled, and in
comparison with water quality compliance guidelines, deems site CG4 to be
the site of the best environmental condition.
6.0

Conclusion / Recommendations

6.1

Concluding Summary

With respect to the parameters analysed, the overall quality of stormwater
sampled at each of the six sites was deemed to be good. However, all sites
were found to be non-compliant with ANZECC water quality guidelines for the
parameters of nitrogen and phosphorus, and all sites bar TS2 were above
recommended guideline levels for faecal coliforms. These three parameters,
namely nitrogen, phosphorus and faecal coliforms have been identified as the
primary 'problem' pollutants within each of the six sub-catchments and as
such management actions should be tailored accordingly.
The data obtained from sampling pre-SQID installation does not appear to
depict any obvious correlation between the pollutant concentrations at each
site and between sites with respect to catchment size, landuse, gradient, or
risk categorisation. The findings from this monitoring component of the Water
Quality Monitoring Program are contrary to the findings obtained from the
monitoring of receiving waters which does show pollutant concentrations to
coincide with each of the aforementioned influencing factors.
Monitoring pre-SQID installation has however been successful in achieving
the objectives of the study. The collection of stormwater quality data has filled
an existing data gap with respect to pollutant type and concentration prevalent
or not at each sample site, and has enabled a greater understanding of the
existing condition at each of the sample sites lying within six sub-catchments
of the Mosman LGA. Comparison of data with national water quality
guidelines has determined those sites not complying with guidelines with
regard to particular water quality parameters, such that those 'problem'
pollutants have now been identified at each of the six sites, enabling a more
focused management approach/response.
The data from monitoring pre-SQID installation will be compared with data to
be obtained during the post-SQID monitoring component of the Water Quality
Monitoring Program, and will be utilised to assist in the evaluation of SQID
performance in the capture/removal of pollutants recognised as physical,
chemical and biological water quality indicators.
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6.2

Recommendations

•

Five weeks is an acceptable timeframe for the collection of baseline data,
however, given a greater availability of resources it would have been
beneficial to undertake further sampling of each of the sample sites to gain
a larger data set, covering all seasons, to most accurately reflect the
existing condition at each site prior to SQID installation. It is recommended
that further monitoring programs of this type take seasonal sampling into
consideration.

•

The water quality data has identified the primary pollutants existing within
each sub-catchment and has determined the problem pollutants (those
exceeding guidelines) to be nitrogen, phosphorus and faecal coliforms. It
is recommended that this data be taken into account and adequately
addressed with the most appropriate management response.

•

The data presented in this report is an accurate reflection of the existing
condition of each site and representative of the system at the time of
sampling. This data can be utilised to adequately manage stormwater
quality, however, changing natural processes and external and internal
factors influencing the stormwater system could at any time alter the water
quality at the six sample sites. As such it is recommended that the nonstagnant nature of this system be taken into consideration with respect to
management actions applied.
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Appendix
Table 7. Procedures for Sample Collection and Storage for Parameters
Sampled via the Ex-Situ Method
Parameter

Container
Type

Copper

Plastic
(acid
washed)
Plastic (acid
washed)

Lead

Required
Volume
(mL)
100

100

Zinc

Plastic (acid
washed)

100

Total Nitrogen

Plastic

500

Total Phosphorus

Plastic
(sulphuric
acid rinse)
Plastic

500

Oils and Grease

Amber Glass
(solvent
washed)

1,000

Total Petroleum
Hydrocarbons

Amber Glass
(solvent
washed)

1,000

Faecal Coliforms

Plastic
(sterile)

500

Total Suspended
Solids

500

Filling
Technique

Preservation
Procedure

Fill container
completely to
exclude air.
Fill container
completely to
exclude air.
Fill container
completely to
exclude air.
Fill container
completely to
exclude air.
Fill container
completely to
exclude air.
Fill container
completely to
exclude air.
Do not
completely fill
sample
container.
Do not prerinse with
sample.
Do not
completely fill
sample
container.
Do not prerinse with
sample.
Fill container
completely to
exclude air.

Acidify with
nitric acid

Maximum
Holding
Time
1 month

Acidify with
nitric acid

1 month

Acidify with
nitric acid

1 month

Refrigerate to
4°C

24 hrs

Refrigerate to
4°C

24 hrs

Refrigerate to
4°C

24 hrs

Acidify with
sulphuric acid
and refrigerate

1 month

Acidify with
sulphuric acid
and refrigerate

1 month

Refrigerate to
4°C

Source: AS/NZS 5667.1:1998
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Table 8. Summary Guidelines for Protection of Aquatic Ecosystems
Parameter

Fresh Waters
No value recommended.
Species richness and
composition should not be
altered

Marine Waters
No value recommended.
Species richness and
composition should not be
altered

Faecal Coliforms
Physico-chemical

Median Value: <150 cfu/100mL

Median Value: <150 cfu/100mL

Dissolved Oxygen

> 6 mg/L or > 80-90%

> 6 mg/L or > 80-90%
< 0.2 pH unit change

pH

Range: 6.5-9.0

Optimum: 8.0-8.4

Salinity

< 1000 mg/L (1,500 us/cm)

(optimum: <150 ms/cm)

Suspended matter/turbidity

< 10% change seasonal mean
concentration
(optimum: <40 NTU)

< 10% change seasonal mean
concentration
(optimum: 1-20 NTU, preferably
<10)

Temperature

< 2 degrees celsius increase
(optimum: 15-20 °C)

< 2 degrees celsius increase
(optimum: 15-20 °C)

Zinc

5.0-50.0 ug/L

50.0 ug/L
(optimum: <0.5 mg/L)

Lead

1.0-5.0 ug/L

5.0 ug/L
(optimum: <0.05 mg/L)

Copper

2.0-5.0 ug/L

5.0 ug/L

Total Petroleum Hydrocarbons
(Polycyclic aromatic
hydrocarbons guideline)

No recommendation
<3 ug/L

No Recommendation
<3 ug/L

Oils and Grease

No recommendation

No recommendation

Biological

Toxicants

Source: ANZECC (1992 & 2000)

------------------------------------------------------------------------------------------------------------ 35
CEC Water Quality Monitoring Program: Baseline Monitoring Pre-SQID Installation

Table 9. Ranking System for Parameters Sampled
Parameter

Ranking

pH

Comments

7-8
6.5-7 or 8-8.5
8.5-9
Outside the range
<1°
1- 1.5 °
1.5 - 2 °
>2°

=1
=2
=3
=4
=1
=2
=3
=4

>8
7–8
6–7
<6
<10
10 – 15
15 – 20
> 20
< 0.01
0.01 – 0.03
0.03 – 0.05
>0.05

=1
=2
=3
=4
=1
=2
=3
=4
=1
=2
=3
=4

Heavy Metal - Copper (mg/L)

< 0.02
0.02 – 0.035
0.035 – 0.5
> 0.05

=1
=2
=3
=4

Heavy Metal - Zinc (mg/L)

< 0.05
0.05 – 0.275
0.275 – 0.5
> 0.5

=1
=2
=3
=4

Total Phosphorus (mg/L)

< 0.05
0.05 – 0.075
0.075 – 0.1
> 0.1

=1
=2
=3
=4

Total Nitrogen (mg/L)

< 0.5
0.5 – 0.75
0.75 – 1.0
> 1.0

=1
=2
=3
=4

Conductivity (ms/cm)

0 – 50
50 – 100
100 – 150
>150

=1
=2
=3
=4

0 – 25
25 - 50
50 - 75
75 - 100

=1
=2
=3
=4

Temperature (°C)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Heavy Metal - Lead (mg/L)

Total
Suspended
(mg/L)

Solids

Optimum range = 6.5-9
Ranking of 1- 4 given based
on the optimum range.
Optimum range = 15-20 °C
Difference should not be
greater than 2 °C.
Ranking of 1-4 given based
on this difference.
Acceptable level = >6 mg/L
Ranking of 1- 4 given based
on the spread of DO
concentrations.
Range is 1-20 NTU (optimum
<10)
Ranking of 1- 4 given based
on the range.
Acceptable level = < 0.05
mg/L.
Ranking of 1- 4 given based
on the acceptable level and
spread of the concentration
found at the sites.
Acceptable level = < 0.05
mg/L.
Ranking of 1- 4 given based
on the acceptable level and
spread of concentrations
found at the sites.
Acceptable level = < 0.5
mg/L.
Ranking of 1- 4 given based
on the acceptable level and
concentrations found at the
sites.
Acceptable level = < 0.05
mg/L.
Ranking of 1- 4 given based
on the acceptable level and
concentrations found at the
sites.
Acceptable level = < 0.5
mg/L.
Ranking of 1- 4 given based
on the acceptable level and
concentrations found at the
sites.
Acceptable level = <150
ms/cm.
Ranking of 1- 4 given based
on an even spread of the
acceptable level.
There is no Australian
guideline level specific to
TSS. The acceptable level
according to USA and
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Oils and Grease (mg/L)

ND

=1

Total Petroleum
Hydrocarbons (ug/L)

ND

=1

Faecal Coliforms
(cfu/100mL)

< 10
10 – 80
80 – 150
> 150

=1
=2
=3
=4

European guidelines = < 25
mg/L, Canadian Guidelines =
25 – 80 mg/L, other
guidelines give the limit as <
100 mg/L.
Ranking of 1- 4 given based
on a spread of the
acceptable levels provided
by the above guidelines.
There is no existing guideline
level for oils/grease.
Ranking of 1 was given to all
sites as no data was
recorded.
There is no specific guideline
for TPH. Ranking of 1 was
given to all sites as no data
was recorded.
The acceptable level is taken
as a median value, which
should be < 150 cfu/100mL.
Ranking of 1- 4 was given
based on the median value.
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